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(57) A packet communications system which trans- 
mits a packet at a predetermined transmission rate in- 
cludes a packet size controller (14) configured to 



change a size of the packet in accordance with available 
space of a transmission buffer (11) storing the packet, 
when the predetermined transmission rate is changed. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Appli- 
cation No. P2003-136137, filed on May 14, 2003; the 
entire contents of which are incorporated herein by ref- 
erence. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a packet com- 
munications system transmitting a packet at a predeter- 
mined transmission rate. 

[0003] Especially, the present invention relates to a 
packet communications system using an HSDPA (High 
speed downlink packet access) scheme which is a pack- 
et communications technique for achieving a speedup 
of a peak transmission rate, a reduction of transmission 
delay, an increase in throughput and an improvement of 
radio resource usage efficiency. 

2. Description of the Related Art 

[0004] FIG. 1 shows a packet communications sys- 
tem using the HSDPA scheme. As shown in FIG. 1 , the 
packet communications system is configured with a 
core network CN and a radio access network RAN. The 
radio access network RAN includes a plurality of radio 
network controllers RNCs and a plurality of base sta- 
tions (Node Bs). 

[0005] The radio access network RAN is connected 
to a plurality of mobile stations (UEs: User Equipments) 
via radio interfaces. As shown in FIG. 1 , the radio access 
network RAN transmits an HS-DSCH (High speed- 
Downlink Shared Channel), which is atransportchannel 
for downlink packet transmission, to a mobile station 
UE. 

[0006] Referring to a flowchart shown in FIG. 2, an 
operation of changing a transmission rate of a downlink 
packet in the conventional packet communications sys- 
tem will be described. 

[0007] As shown in FIG. 2, in step S601 , an RLC (Ra- 
dio Link Controller) connection is established over a 
DTCH (Dedicated Traffic Channel), which is a logical 
channel mapped to the HS-DSCH, between the radio 
access network RAN and the mobile station UE. 
[0008] At the time when the RLC connection has been 
established in step S601, the transmission rate of the 
downlink packet (a transmission rate of the HS-DSCH 
or the DTCH) is "TX1 11 which is smaller than or equal to 
"384kbps" , and a size of the downlink packet 
(RLC-PDU: Radio Link Connection-Packet Data Unit) to 
be transmitted via the RLC connection is "336 bits". 
[0009] In step S602 ; the radio access network RAN 



transmits the transmission rate of the downlink packet, 
when an amount of data of the downlink packet to be 
transmitted increases. For example, the transmission 
rate of the downlink packet is changed to "TX2" which 

5 is larger than "384kbps". 

[0010] In step S603, a Re-establishment of the RLC 
connection between the radio access network RAN and 
the mobile station UE is generated, when the transmis- 
sion rate of the downlink packet is increased. 

10 [0011] Is step S604, the size of the RLC-PDU is 
changed to "656bits", after the Re-establishment of the 
RLC connection is generated. 

[001 2] The above change of the size of the RLC-PDU 
is performed in consideration with transmission efficien- 
ts cy. 

[001 3] However, there is a problem in that the Re-es- 
tablishment of the RLC connection when the transmis- 
sion rate of the downlink packet is changed, so that the 
packets stored in a transmission buffer are deleted and 
20 packet transmission throughput is reduced. 

BRIEF SUMMARY OF THE INVENTION 

[001 4] In viewing of the foregoing, it is an object of the 
25 present invention to provide a packet communications 
system which can change the transmission rate of a 
downlink packet, while preventing the throughput from 
being reduced, due to the deletion of the packets stored 
in the transmission buffer. 
30 [0015] A first aspect of the present invention is sum- 
marized as a packet communications system which 
transmits a packet at a predetermined transmission 
rate. The packet communications system includes a 
packet size controller configured to change a size of the 
35 packet in accordance with available space of a trans- 
mission buffer storing the packet, when the predeter- 
mined transmission rate is changed. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
40 THE DRAWINGS 

[0016] 

FIG. 1 is a diagram showing the entire configuration 
45 of a packet communications system including a ra- 
dio access network; 

FIG. 2 is a flowchart showing an operation of chang- 
ing a transmission rate and a size of a packet in the 
conventional radio access network; 
50 FIG. 3 is a functional block diagram of a radio ac- 
cess network according to one embodiment of the 
present invention; 

FIG. 4 is a diagram for explaining a transmission 
buffer in the radio access network according to the 
55 embodiment of the present invention; 

FIG. 5 a flowchart showing an operation of changing 
a transmission rate and a size of a packet in the 
radio access network according to the embodiment 
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of the present invention; 

FIG. 6 a flowchart showing an operation of changing 
a transmission rate and a size of a packet in the 
radio access network according to the embodiment 
of the present invention; 

FIG. 7 is a sequence diagram showing an operation 
of changing a transmission rate and a size of a 
packet, in a protocol architecture of the radio access 
network according to the embodiment of the 
present invention; 

FIG. 8 is a sequence diagram showing an operation 
of changing a transmission rate and a size of a 
packet, in a protocol architecture of the radio access 
network according to the embodiment of the 
present invention; and 

FIG. 9 is a sequence diagram showing an operation 
of changing a transmission rate and a size of a 
packet, in a protocol architecture of the radio access 
network according to the embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

<A configuration of a packet communications system 
according to a first embodiment of the present 
invention> 

[0017] Referring to FIG. 3, a configuration of a radio 
access network RAN in a packet communications sys- 
tem according to a first embodiment of the present in- 
vention will be described. 

[0018] As shown in FIG. 3, the radio access network 
RAN includes a transmission buffer 11 , a transmission 
buffer managing unit 12, a transmission rate controlling 
unit 13, a packet size controller 14 and a transmitting 
unit 15. 

[0019] The transmission buffer 11 is configured to 
store packets (RLC-PDUs) to be transmitted to the mo- 
bile station UE via the RLC connection. 
[0020] The transmission buffer 11 can be configured 
to store packets (RLC-PDUs) to be re-transmitted to the 
mobile station UE via the RLC connection. 
[0021] The transmission buffer 11 can be configured 
to delete packets which have elapsed for a predeter- 
mined period since the packets were stored in the trans- 
mission buffer 11, and packets which have been re- 
transmitted a predetermined number of times and the 
like. 

[0022] The transmission buffer managing unit 12 is 
configured to manage available space of a transmission 
buffer 11 . To be more specific, the transmission buffer 
managing unit 12 is configured to manage an amount 
of data of packets (the number of bits included in pack- 
ets or the number of packets) stored in the transmission 
buffer 11 , a remaining amount of the transmission buffer 
11 (available space of the transmission buffer 11) and 
the like. 

[0023] The transmission rate controlling unit 13 is 



configured to control the transmission rate of the down- 
link packet to be transmitted to the mobile station UE. 
[0024] As shown in FIG. 4, for example, the transmis- 
sion rate controlling unit 13can change thetransmission 

5 rate of the downlink packet from a predetermined trans- 
mission rate "TX1" to a higher transmission rate "TX2", 
when the amount of data X of the packets stored in the 
transmission buffer 11 is continuously larger than or 
equal to a second data amount threshold Thd2. For ex- 

10 ample, the predetermined transmission rate "TX1" is 
smallerthan or equal to "384kbps", and the highertrans- 
mission rate "TX2" is greater than "384kbps". 
[0025] The transmission rate controlling unit 13 can 
change the transmission rate of the downlink packet 

15 from the predetermined transmission rate "TX1" to the 
higher transmission rate "TX2", when the average of the 
amount of data X of the downlink packets stored in the 
transmission buffer 11 during a predetermined period is 
larger than or equal to the second data amount thresh- 

20 old Thd2. 

[0026] As shown in FIG. 4, the transmission rate con- 
trolling unit 13 can change the transmission rate of the 
downlink packet from the predetermined transmission 
rate "TX1" to the higher transmission rate "TX2", when 

25 a remaining amount Br of the transmission buffer 11 is 
continuously smallerthan or equal to a second remain- 
ing buffer amount threshold Thbr2. 
[0027] The transmission rate controlling unit 13 can 
change the transmission rate of the downlink packet 

30 from the predetermined transmission rate "TX1" to the 
higher transmission rate "TX2", when the average of the 
remaining amount Br of the transmission buffer 1 1 dur- 
ing a predetermined period is continuously smallerthan 
or equal to a second remaining buffer amount threshold 

35 Thbr2. 

[0028] As described above, the transmission rate 
controlling unit 13 can increase the transmission rate of 
the downlink packet, when an amount of data to be 
transmitted increases. 

40 [0029] The transmission rate controlling unit 13 can 
be configured to increase the transmission rate of the 
downlink packet, when a predetermined condition is sat- 
isfied (for example, a radio propagation path between 
the radio access network RAN and the mobile station 

45 UE is improved). 

[0030] The packet size controller 14 is configured to 
control a size of a downlink packet (that is, a size of an 
RLC-PDU) to be transmitted to the mobile station UE 
via the RLC connection. 

50 [0031] The packet size controller 14 is configured to 
generate an Re-establishment of the RLC connection 
so as to change the size of the downlink packet, when 
thetransmission rate of the downlink packet is changed. 
[0032] Basically, the packet size controller 1 4 is con- 

55 figured to increasethe size of the downlink packet, when 
the transmission rate of the downlink packet is changed 
from the predetermined transmission rate "TX1" to the 
higher transmission rate "TX2". 
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[0033] For example, in this case, the packet size con- 
troller 14 changes the size of the downlink packet from 
"336bits" to "656bits". 

[0034] As shown in FIG. 4, however, the packet size 
controller 14 is configured to maintain the size of the 
downlink packet without generating the Re-establish- 
ment of the RLC connection, when the transmission rate 
of the downlink packet is changed and when an amount 
of data X of packets stored in the transmission buffer 1 1 
is larger than or equal to a first data amount threshold 
Thd1. 

[0035] As shown in FIG. 4, the packet size controller 
14 is configured to maintain the size of the downlink 
packet without generating the Re-establishment of the 
RLC connection, when the transmission rate of the 
downlink packet is changed and when a remaining 
amount Br of the transmission buffer 1 1 is smaller than 
or equal to a first remaining buffer amount threshold 
Thbrl . 

[0036] As described above, the packet size controller 
14 maintains the size of the downlink packet when a 
large amount of data of the downlink packets is stored 
in the transmission buffer 11 (that is, when available 
space of the transmission buffer 11 is small), so as to 
prevent the packets stored in the transmission buffer 1 1 
from being deleted due to an occurrence of the Re-es- 
tablishment of the RLC connection. 
[0037] The transmitting unit 1 5 is configured to trans- 
mit packets to the mobile station UE, with using a trans- 
mission rate instructed by the transmission rate control- 
ling unit 1 3 and a size of an RLC-PDU instructed by the 
packet size controller 14. 

[0038] The transmission buffer 11, the transmission 
buffer managing unit 12. the transmission rate control- 
ling unit 1 3 and the packet size controller 1 4 can be dis- 
posed in the radio network controller RNC or the base 
station which is included in the radio access network 
RAN. 

<An operation of the packet communications system 
according to the embodiment > 

[0039] Referring to FIGs. 5 and 6 ; an operation of 
changing the transmission rate of the downlink packet 
in the packet communications system according to the 
above embodiment will be described. 
[0040] As shown in FIG. 5, in step S301 , an RLC con- 
nection is established between the radio access net- 
work RAN and the mobile station UE. 
[0041] At the time when the RLC connection has been 
established in step S301, the transmission rate of the 
downlink packet is "TX1 " which is smaller than or equal 
to "384kbps", and a size of the RLC-PDU is "336 bits". 
[0042] In step S302, the transmission rate controlling 
unit 13 of the radio access network RAN determines 
whether an amount of data X of packets stored in the 
transmission buffer 11 is larger than or equal to the sec- 
ond data amount threshold Thd2 or not. 



[0043] When the amount of data X is larger than or 
equal to the second data amount threshold Thd2, the 
operation goes to step S303. When the amount of data 
X is smaller than the second data amount threshold 

5 Thd2, the operation repeats step S302. 

[0044] In step S303, the transmission rate controlling 
unit 13 changes the transmission rate of the downlink 
packet. That is. the transmission rate of the downlink 
packet is changed to "TX2" which is larger than 

10 "384kbps". 

[0045] In step S304, the packet size controlling unit 
1 4 of the radio access network RAN determines whether 
the amount of data X of packets stored in the transmis- 
sion buffer 11 is larger than or equal to the first data 

15 amount threshold Thd1 or not. 

[0046] When the amount of data X is larger than or 
equal to the first data amount threshold Thd1 , the oper- 
ation goes to step S305. When the amount of data X is 
smaller than the first data amount threshold Thd1 , the 

20 operation repeats step S304. 

[0047] In step S305, a Re-establishment of the RLC 
connection between the radio access network RAN and 
the mobile station UE is generated. 
[0048] In step S306, the size of the RLC-PDU is 

25 changed to "656bits", after the Re-establishment of the 
RLC connection is generated. 

[0049] As shown in FIG. 6, the method of packet com- 
munications according to the embodiment can replace 
steps S302 and S304 shown in FIG. 5 with steps S402 
30 and S404 respectively, so as to change the transmission 
rate of the downlink packet. 

[0050] As shown in FIG. 6, in step S402, the transmis- 
sion rate controlling unit 13 of the radio access network 
RAN determines whether a remaining amount Br of the 

35 transmission buffer 11 is smaller than or equal to the 
second remaining buffer amount threshold Thbr2 or not. 
[0051] When the remaining amount Br is smallerthan 
or equal to the second remaining buffer amount thresh- 
old Thbr2, the operation goes to step S403. When the 

40 remaining amount Br is larger than the second remain- 
ing buffer amount threshold Thbr2, the operation re- 
peats step S402. 

[0052] In step S404, the packet size controlling unit 
1 4 of the radio access network RAN determines whether 

45 the remaining amount Br of the transmission buffer 11 
is smaller than or equal to the first remaining buffer 
amount threshold Thbrl or not. 
[0053] When the remaining amount Br is smallerthan 
or equal to the first remaining buffer amount threshold 

50 Thbrl , the operation goes to step S405. When the re- 
maining amount Br is larger than the first remaining buff- 
er amount threshold Thbrl , the operation repeats step 
S404. 

[0054] Referring to FIGs. 7 to 9, the operation of 
55 changing the transmission rate of the downlink packet 
in the radio access network RAN will be described in 
consideration of a protocol architecture. 
[0055] First, an example of FIG. 7 will be explained. 



4 



7 



EP 1 478 137 A1 



8 



In step S701, a protocol function of an RLC layer (an 
RLC entity) of the radio access network RAN monitors 
an amount of data X of RLC-PDUs, which are stored in 
the transmission buffer 1 1 , to be transmitted or re-trans- 
mitted to the mobile station UE via an RLC connection. 
[0056] In step S702, the RLC entity instructs a proto- 
col function of a MAC layer (a MAC entity) to change a 
transmission rate ofaDTCH related to the RLC connec- 
tion from a predetermined transmission rate "TX1" to a 
higher transmission rate "TX2", when a predetermined 
condition is satisfied in the transmission buffer 11 . 
[0057] For example, the RLC entity instructs the MAC 
entity to increase the transmission rate of the DTCH, 
when an amount of data X of RLC-PDUs stored in the 
transmission buffer 11 is continuously larger than or 
equal to the second data amount threshold Thd2, or 
when a remaining amount Br of the transmission buffer 
11 is continuously smaller than or equal to the second 
remaining buffer amount threshold Thbr2. 
[0058] In step S703, the MAC entity instructs a proto- 
col fu nction of a physical layer to change a transmission 
rate of an HS-DSCH mapped to the DTCH from the pre- 
determined transmission rate "TX1 " to the higher trans- 
mission rate "TX2" , in accordance with the instruction 
from the RLC entity. 

[0059] The protocol function of the physical layer 
changes a transmission rate of a physical channel 
mapped to the HS-DSCH from the predetermined trans- 
mission rate "TX1" to the higher transmission rate 
"TX2 ,, ) in accordance with the instruction from the MAC 
entity. 

[0060] In step S704, the RLC entity notifies a meas- 
urement result of the amount of data X of the RLC-PDUs 
stored in the transmission buffer 1 1 to a protocol function 
of an upper layer, when having instructed the MAC entity 
to change the transmission rate of the DTCH. 
[0061] In step S705, the protocol function of the upper 
layer determines whether or not the amount of data X 
of the RLC-PDUs stored in the transmission buffer 1 1 is 
larger than or equal to the first data amount threshold 
Thd1 , or whether or not the remaining amount Br of the 
transmission buffer 11 is smaller than orequaltothefirst 
remaining buffer amount threshold Thbrl . 
[0062] When the amount of data X of the RLC-PDUs 
stored in the transmission buffer 11 is smaller than the 
first data amountthreshold Thd1 , or when the remaining 
amount Br of the transmission buffer 11 is larger than 
the first remaining buffer amount threshold Thbrl, the 
protocol function of the upper layer notifies an Re-es- 
tablishment requestto the RLC entity. The Re-establish- 
ment request is a request for instructing to change a size 
of an RLC-PDU. 

[0063] On the other hand, when the amount of data X 
of the RLC-PDUs stored in the transmission buffer 1 1 is 
larger than or equal to the first data amount threshold 
Thd1 , or when the remaining amount Br of the transmis- 
sion buffer 11 issmallerthan orequaltothefirst remain- 
ing buffer amount threshold Thbrl , the protocol function 



of the upper layer does not notify the Re-establishment 
request to the RLC entity. 

[0064] In step S706, the RLC entity performs an Re- 
establishment processing, in response to the Re-estab- 
5 lishment request from the protocol function of the upper 
layer. 

[0065] To be more specific, the RLC entity establishes 
a new RLC connection with an RLC entity of the mobile 
station UE, after discarding all the RLC-PDUs stored in 

10 the transmission buffer 11 . 

[0066] A size of RLC-PDUs to be transmitted over the 
newly established RLC connection has been changed 
to a size instructed by the Re-establishment request, 
and is normally larger than the size of RLC-PDUs to be 

15 transmitted over the previous RLC connection. 

[0067] Second, an example of FIG. 8 will be ex- 
plained. Instep S801 , the RLC entity of the radio access 
network RAN monitors an amount of data X of 
RLC-PDUs, which are stored in the transmission buffer 

20 1 1 , to be transmitted or re-transmitted to the mobile sta- 
tion UE via an RLC connection. 

[0068] In step S802, the RLC entity notifies a meas- 
urement result of the amount of data X of the RLC-PDUs 
stored in the transmission buffer 1 1 to the protocol func- 
25 tion of the upper layer, at predetermined intervals. 

[0069] In step S803, the protocol function of the upper 
layer determines whether or not to change a transmis- 
sion rate and a size of an RLC-PDU to be transmitted 
over the RLC connection, in accordance with the meas- 
30 urement result notified from the RLC entity. 

[0070] When a predetermined condition is satisfied in 
the transmission buffer 11 , the protocol function of the 
upper layer notifies the Re-establishment request for in- 
structing to change the transmission rate and the size 
35 of the RLC-PDU, to the RLC entity. 

[0071] For example, when the amount of data X of the 
RLC-PDUs stored in the transmission buffer 11 is con- 
tinuously largerthan or equal to the second data amount 
threshold Thd2. and when the amount of data X of the 
40 RLC-PDUs stored in the transmission buffer 11 is con- 
tinuously smaller than the first data amount threshold 
Thd1, the protocol function of the upper layer notifies 
the Re-establishment request to the RLC entity. 
[0072] Also, when the remaining amount Br of the 
45 transmission buffer 11 is continuously smaller than or 
equal to the second remaining buffer amount threshold 
Thbr2, and when the remaining amount Br of the trans- 
mission buffer 1 1 is continuously larger than the first re- 
maining buffer amount threshold Thbrl, the protocol 
50 function of the upper layer notifies the Re-establishment 
request to the RLC entity. 

[0073] Otherwise, the protocol function of the upper 
layer does not notify the Re-establishment request to 
the RLC entity. 

55 [0074] In step S804, the RLC entity instructs the MAC 
entity to change a transmission rate of a DTCH related 
to the RLC connection from the a predetermined trans- 
mission rate "TX1" to a higher transmission rate "TX2" 
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which is instructed by the Re-establishment request, in 
response to the Re-establishment request from the pro- 
tocol function of the upper layer. 
[0075] In step S805, the MAC entity instructs the pro- 
tocol function of the physical layerto change a transmis- 
sion rate of an HS-DSCH mapped to the DTCH from the 
predetermined transmission rate "TX1" to the higher 
transmission rate "TX2", in response to the instruction 
from the RLC entity. 

[0076] The protocol function of the physical layer 
changes a transmission rate of a physical channel 
mapped to the HS-DSCH from the predetermined trans- 
mission rate "TX1" to the higher transmission rate 
"TX2", in response to the instruction from the MAC en- 
tity. 

[0077] As in the case of step 706 in FIG. 7, in step 
S806, the RLC entity performs the Re-establishment 
processing, in response to the Re-establishment re- 
quest from the protocol function of the upper layer. 
[0078] Third, an example of FIG. 9 will be explained. 
In step S901 , the RLC entity of the radio access network 
RAN monitors an amount of data X of RLC-PDUs, which 
are stored in the transmission buffer 1 1 , to be transmit- 
ted or re-transmitted to the mobile station UEviaan RLC 
connection. 

[0079] In step S902, the RLC entity determines 
whether or not to change a transmission rate and a size 
of an RLC-PDU to be transmitted over the RLC connec- 
tion, in accordance with a measurement result of the 
amount of data X of the RLC-PDUs stored in the trans- 
mission buffer 11 . 

[0080] In step S902, the RLC entity instructs the MAC 
entity to change a transmission rate of the RLC-PDU, 
when a predetermined condition is satisfied. 
[0081] For example, the RLC entity instructs the MAC 
entity to change a transmission rate of a DTCH related 
to the RLC connection from the a predetermined trans- 
mission rate "TX1 " to a higher transmission rate "TX2", 
when the amount of data X of the RLC-PDUs stored in 
the transmission buffer 11 is continuously larger than or 
equal to the second data amount threshold Thd2, or 
when the remaining amount Br of the transmission buff- 
er 1 1 is continuously smallerthan or equal to the second 
remaining buffer amount threshold Thbr2. 
[0082] In step S903, the MAC entity instructs the pro- 
tocol function of the physical layerto change a transmis- 
sion rate of an HS-DSCH mapped to the DTCH from the 
predetermined transmission rate "TX1" to the higher 
transmission rate "TX2", in response to the instruction 
from the RLC entity. 

[0083] The protocol function of the physical layer 
changes a transmission rate of a physical channel 
mapped to the HS-DSCH from the predetermined trans- 
mission rate "TX1" to the higher transmission rate 
"TX2", in response to the instruction from the MAC en- 
tity. 

[0084] In step S904, the RLC entity determines 
whether or not the amount of data X of the RLC-PDUs 



stored in the transmission buffer 1 1 is continuously larg- 
er than or equal to the first data amount threshold Thd1 , 
or whether or not the remaining amount Br of the trans- 
mission buffer 11 is continuously smaller than or equal 
5 to the first remaining buffer amount threshold Thbrl , 
when having instructed the MAC entity to change the 
transmission rate of the DTCH. 

[0085] As in the case of step 706 in FIG. 1, when the 
amount of data X of the RLC-PDUs stored in the trans- 

10 mission buffer 11 is not continuously larger than or equal 
to the first data amount threshold Thd1 , or when the re- 
maining amount Br of the transmission buffer 11 is not 
continuously smallerthan or equal to the first remaining 
buffer amount threshold Thbrl , the RLC entity performs 

15 the Re-establishment processing. 

[0086] Otherwise, when the amount of data X of the 
RLC-PDUs stored in the transmission buffer 11 is con- 
tinuously larger than or equal to the first data amount 
threshold Thd1 , or when the remaining amount Br of the 

20 transmission buffer 11 is continuously smallerthan or 
equal to the first remaining buffer amount threshold 
Thbrl , the RLC entity does not perform the Re-estab- 
lishment processing. 

25 <Functions and effects of the packet communications 
system according to the embodiment 

[0087] The packet communications system according 
to the embodiment can change the size of the RLC-PDU 
30 in accordance with available space of the transmission 
buffer 11 , so as to prevent packets stored in the trans- 
mission buffer 11 from being deleted due to the Re-es- 
tablishment of the RLC connection. 
[0088] For example, the packet communications sys- 
35 tern according to the embodiment can maintain the size 
of the RLC-PDU, when a large amount of data of the 
downlink packets is stored in the transmission buffer 11 
(that is, when available space of the transmission buffer 
11 is small), so as to prevent packets stored in the trans- 
it? mission buffer 11 from being deleted due to the Re-es- 
tablishment of the RLC connection. 
[0089] The present invention can provide a packet 
communications system which can change the trans- 
mission rate of a downlink packet, while preventing the 
45 throughput from being reduced, due to the deletion of 
the packets stored in the transmission buffer. 
[0090] Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the spe- 
50 cific details and the representative embodiment shown 
and described herein. Accordingly, various modifica- 
tions may be made without departing from the scope of 
the general inventive concept as defined by the append- 
ed claims and their equivalents. 
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Claims 



mined period. 



1. A packet communications system which transmits 
a packet at a predetermined transmission rate, the 



a packet size controller configured to change a 
size of the packet in accordance with available 
space of a transmission buffer storing the pack- 
et, when the predetermined transmission rate 10 
is changed. 

2. The packet communications system according to 
claim 1 , wherein 

the packet size controller is configured to 15 
maintain the size of the packet, when an amount of 
data of the packet stored in the transmission buffer 
is larger than a first data amount threshold. 

3. The packet communications system according to 20 
claim 1 , wherein 

the packet size controller is configured to 
maintain the size of the packet, when a remaining 
amount of the transmission buffer is smaller than a 
first remaining buffer amount threshold. 25 

4. The packet communications system according to 
claim 1, further comprising 

a transmission rate controller configured to in- 
crease the predetermined transmission rate, when 30 
an amount of data of the packet stored in the trans- 
mission buffer is larger than a second data amount 
threshold. 

5. The packet communications system according to 35 
claim 1, further comprising 

a transmission rate controller configured to in- 
crease the predetermined transmission rate, when 
a remaining amount of the transmission buffer is 
smaller than a second remaining buffer amount 40 
threshold. 

6. The packet communications system according to 
claim 4, wherein 

the transmission rate controller is configured 45 
to change the predetermined transmission rate, 
when the amount of data of the packet stored in the 
transmission buffer is continuously larger than the 
second data amount threshold during a predeter- 
mined period. 50 

7. The packet communications system according to 
claim 5, wherein 

the transmission rate controller is configured 
to increase the predetermined transmission rate, 55 
when the remaining amount of the transmission 
buffer is continuously smaller than the second re- 
maining buffer amount threshold during a predeter- 
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